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CARTRIDGE VALVE ASSEMBLY 

TECHNICAL FIELD 

The present disclosure relates generally to a valve assem 
bly, and more particularly, to a cartridge valve assembly. 

BACKGROUND 

In many hydraulically actuated devices, such as brake sys 
tems, fuel systems, or other machine systems, valve assem 
blies can be used to control the operation of components of 
the system. A valve assembly may open to alloW ?uid com 
munication betWeen tWo or more passages to hydraulically 
move a piston or actuator. For example, one passage may 
communicate With another pas sage through the valve so that 
?uid in a high pressure passage can be drained to a loW 
pressure passage, and the system can be reset for its next 
operation event. 
One conventional valve assembly is described in US. Pat. 

No. 6,694,859 (the ’859 patent) issued to Smith. The ’859 
patent describes a pressure relief valve having a valving ele 
ment assembly slideably disposed Within a housing having 
inlet and outlet ports. The valving element assembly has a 
differential area. The pressure of the ?uid Within a force 
control chamber acting on the differential area of the valving 
element assembly urges the valving element assembly against 
the bias of a spring to control the ?oW of ?uid betWeen the 
inlet port and the outlet port of the housing. 

Although the pressure relief valve of the ’859 patent may 
be a cartridge assembly adapted to be disposed in a block 
arrangement, the pressure relief valve of the ’859 patent does 
not provide pressure ampli?cation that may be useful in vari 
ous machine systems. 

The disclosed system is directed to overcoming one or 
more of the problems set forth above. 

SUMMARY OF THE INVENTION 

In one aspect, the present disclosure is directed to a car 
tridge valve assembly. The cartridge valve assembly may 
include a body having a pilot port, a ?rst port, a second port, 
and a third port ?uidly connected to a central bore. The 
cartridge valve assembly may also include a spool positioned 
Within the central bore and being movable betWeen at least a 
?rst position and a second position. The spool may include a 
?rst chamber at a ?rst end surface of the spool in ?uid com 
munication With the pilot port. The spool may also include a 
second chamber at a second end surface of the spool, and a 
control chamber. The area of the ?rst end surface may be 
greater than the area of the second end surface. The spool may 
further include a passage ?uidly communicating the control 
chamber With the second chamber. In the ?rst position, the 
?rst port and the second port of the body may ?uidly com 
municate With the control chamber. In the second position, 
the second port and the third port may ?uidly communicate 
With the control chamber. 

In another aspect, the present disclosure is directed to a 
method of pressure control using a cartridge valve assembly. 
The cartridge valve assembly may include a body adapted to 
be inserted into a cavity. The body may include a central bore 
extending along a central axis, a ?rst port, a second port, and 
a third port ?uidly connected to the central bore. A spool may 
be received in the central bore and being movable betWeen a 
?rst position and a second position. The spool may form a ?rst 
chamber Within the central bore at a ?rst end surface of the 
spool, a second chamber Within the central bore at a second 
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2 
end surface of the spool, and a control chamber Within the 
central bore. The area of the ?rst end surface may be greater 
than the area of the second end surface. The second port may 
be in ?uid communication With the control chamber. The 
method may include directing a ?oW of ?uid to the ?rst 
chamber. The ?uid in the ?rst chamber may apply a ?rst 
pressure to the ?rst end surface of the spool to force the spool 
to move from the ?rst position toWard the second position to 
open the third port to the control chamber, and close the ?rst 
port from the control chamber. A ?oW of ?uid may be directed 
through the third port into the control chamber, and through 
the second port out of the control chamber. A ?oW of ?uid 
may be directed from the control chamber to the second 
chamber at the second end surface of the spool. The ?uid in 
the second chamber may apply a second pressure to the sec 
ond end surface of the spool. The second pressure is substan 
tially equal to a ?uid pressure in the control chamber. When a 
force differential across the spool caused by the second pres 
sure applied to the second end surface and the ?rst pressure 
applied to the ?rst end surface reaches a predetermined value, 
the spool may be moved from the second position to the ?rst 
position to close the third port from the control chamber and 
open the ?rst port to the control chamber. A ?oW of ?uid may 
be directed through the second port into the control chamber, 
and through the ?rst port out of the control chamber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional vieW of an exemplary cartridge valve 
assembly in a ?rst position according to one embodiment of 
the disclosure; 

FIG. 2 is a sectional vieW of the exemplary cartridge valve 
assembly of FIG. 1 in a second position according to one 
embodiment of the disclosure; 

FIG. 3 is a sectional vieW of an exemplary housing for 
receiving the cartridge valve assembly of FIGS. 1 and 2; 

FIG. 4 is a schematic vieW of an exemplary ?uid system 
incorporating the cartridge valve assembly if FIGS. 1 and 2; 
and 

FIG. 5 shoWs a ?oW diagram of a method for pressure 
control using the disclosed exemplary cartridge valve assem 
bly. 

DETAILED DESCRIPTION 

FIG. 1 illustrates an exemplary cartridge valve assembly 
10. The cartridge valve assembly 10 may be used in a housing 
cavity joining a plurality of ?uid passages. The cartridge 
valve assembly 10 may be actuated to control ?uid to an 
actuator, for example, an actuator in a brake system, a fuel 
system, a transmission system, or other machine systems. 
The cartridge valve assembly 10 may include a body 12 

extending along a central axis A. The body 12 may form a 
central bore 14 extending along the central axis A. The body 
12 may further include an upper stop member 16 attached to 
an upper end of the body 12 and a loWer stop member 18 
attached to a loWer end of the body 12. A spool 20 may be 
slideably received Within the central bore 14 of the body 12. 
The spool 20 may include a ?rst end section 32, a second 

end section 34, and an intermediate section 36. The ?rst end 
section 32 may include an upper end (?rst end) surface 40. 
The upper end surface 40 and the upper stop member 16 may 
form a pilot chamber (?rst chamber) 44 Within the central 
bore 14. The pilot chamber 44 may include a pilot port 46 at 
the top of the upper stop member 16. 
The intermediate section 36 of the spool 20 may have a 

relatively smaller diameter than the ?rst end section 32 and 
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the second end section 34, such that an outer surface of the 
intermediate section 36 and an inner surface of the central 
bore 14 of the body 12 may form a control chamber 50 Within 
the central bore 14. The body 12 may further include a ?rst set 
ofports 52, a second set ofports 54, and a third set ofports 56. 
Each set of ports may include one or more ports. The second 
set of ports 54 may be ?uidly connected to the control cham 
ber 50. The ?rst set of ports 52 and the third set of ports 56 
may be selectively opened to the control chamber 50 by 
sliding the spool 20 Within the central bore 14. 
As shoWn in FIG. 1, the second end section 34 of the spool 

20 may include a slug bore 60 de?ned Within an annular Wall 
62 in the second end section 34. A slug 64 may be slideably 
disposed Within the slug bore 60 betWeen a loWer end (second 
end) surface 48 of the spool 20 and the loWer stop member 18. 
The slug 64 may include a central bore 66 along a central axis 
of the slug 64. The central bore 66 of the slug 64 and the loWer 
end surface 48 of the spool 20 may form a feedback chamber 
(second chamber) 68. A feedback spring 70 may be received 
in the feedback chamber 68. The feedback spring 70 may be 
operative to urge the spool 20 toWard an upWard direction I. 

The spool 20 may further de?ne a passage 80 extending 
from a ?rst opening in the control chamber 50 to a second 
opening in the feedback chamber 68. The second stop mem 
ber 18 may have a diameter Which is smaller than or substan 
tially equal to the diameter of the slug 64, so that the annular 
Wall 62 of second end section 34 of the spool 20 may be able 
to slideably move doWnWard, and an upper end of the loWer 
stop member 18 can be received in the slug bore 60 as shoWn 
in FIG. 2. An outer surface of the loWer stop member 18 may 
form a chamber 90 Within the central bore 14. The ?uid 
received in the feedback chamber 68 may leak along the 
interface betWeen the slug 64 and an inner surface of the 
annular Wall 62 into the chamber 90. In order to prevent ?uid 
pressure from building up Within the chamber 90, the annular 
Wall 62 may include a loWer port 92 ?uidly connected to the 
chamber 90 to direct the ?uid out of the chamber 90 and into 
a loW pressure passageWay. 
As shoWn in FIGS. 1 and 2, the upper end surface 40 of the 

spool 20 may have a surface area value A1 de?ned by that area 
of the upper end surface 40 exposed to ?uid in the pilot 
chamber 44. The loWer end surface 48 of the second end 
section 34 may have a surface area value A2 de?ned by that 
area of the loWer end surface 48 exposed to ?uid in the 
feedback chamber 68. The surface area value A1 of the upper 
end surface 40 may be larger than the surface area value A2 of 
the loWer end surface 48. 
As shoWn in FIGS. 1 and 2, the cartridge valve assembly 10 

may further include an adapter 140. The adapter 140 may 
include a central concave portion for receiving the body 12. 
The body 12 may be attached to the adapter 140 by screW or 
other means. An upper portion of the adapter 140 may be 
adapted to be at least partially inserted into a cartridge cavity 
Within Which the cartridge valve assembly 10 is to be posi 
tioned. The adapter 140 may include a sealing ring 142 
attached to an outer surface of the upper portion of the adapter 
140. The sealing ring 142 may be adapted to sealingly engage 
an inner surface of the cartridge cavity to prevent ?uid from 
?oWing out of the cartridge cavity. 

The body 12 may include multiple sealing rings attached to 
an outer surface of the body 12. A ?rst sealing ring 102 may 
be disposed close to the top of the body 12. A second sealing 
ring 104 may be disposed betWeen the ?rst set of ports 52 and 
the second set of ports 54. A third sealing ring 106 may be 
disposed betWeen the second set of ports 54 and the third set 
of ports 56. A fourth sealing ring 108 may be disposed 
betWeen the third set of ports 56 and the loWer port 92. 
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4 
FIG. 3 shoWs an exemplary housing 110 forming the car 

tridge cavity 120 that may receive the cartridge valve assem 
bly 10. The housing 110 may be formed by Walls of a mani 
fold assembly, a casting, or other structure of a relevant 
system, or the housing 110 may itself be adapted to be 
inserted into a manifold assembly, a casting, or other structure 
Where the cartridge valve assembly 10 is to be positioned. The 
housing 110 may include a ?rst port 122, a second port 124, 
a third port 126, and a loWer port 132. 
When the body 12 is disposed Within the housing 110, the 

sealing rings 102, 104, 106, and 108 sealingly engage an inner 
surface of the housing 110, such that the ?rst set of ports 52 is 
?uidly connected to the ?rst port 122 of the housing, but is 
separated from the other ports (e.g., the pilot port 46 and the 
second set of ports 54), and the second set of ports 54 is ?uidly 
connected to the second port 124, but is separated from the 
other ports, the third set of ports 56 is ?uidly connected to the 
third port 126, but is separated from the other ports, and the 
loWer port 92 is ?uidly connected to the loWer port 132 of the 
housing 110, but is separated from the other ports. 
As shoWn schematically in FIG. 4, the ?rst port 122 in the 

housing 110 may be ?uidly connected to a tank 202, the 
second port 124 may be ?uidly connected to an actuator 204, 
the third port 126 may be ?uidly connected to a pump 206, 
and the loWer port 132 (not shoWn in FIG. 4) may be ?uidly 
connected to the tank 202. The pump 206 may be ?uidly 
connected to the tank 202. 

INDUSTRIAL APPLICABILITY 

The disclosed cartridge valve assembly may be used in 
many applications, for example, pressure control, ?oW con 
trol, pressure relief, etc. The disclosed cartridge valve assem 
bly may be used to control an actuator that may be used in 
brake systems, fuel systems, transmission systems, or other 
machine systems. The disclosed valve assembly may provide 
high-response pressure regulation that may result in consis 
tent and predictable actuator performance by Way of a loW 
cost, simple con?guration. The operation of cartridge valve 
assembly 10 Will noW be explained. 

FIG. 4 illustrates an exemplary use of the cartridge valve 
assembly 10 in a hydraulic system 200. The hydraulic system 
200 may include the tank 202, the ?uid actuator 204, and the 
pump 206. When the spool 20 of the cartridge valve assembly 
10 is in the ?rst position as shoWn in FIG. 1, the ?rst set of 
ports 52 are open to the control chamber 50, alloWing the ?uid 
in the actuator 204 to ?oW through the second set of ports 54 
(Which is ?uidly connected to the second port 124 of the 
housing 110) to the control chamber 50, and through the ?rst 
set of ports 52 (Which is ?uidly connected to the ?rst port 122 
of the housing 110) to the tank 202. When the spool 20 is in 
the second position as shoWn in FIG. 2, the third set of ports 
56 are open to the control chamber 50, alloWing the ?uid from 
the pump 206 to ?oW through the third set of ports 56 (Which 
is ?uidly connected to the third port 126 of the housing 110) 
to the control chamber 50, and through the second set of ports 
54 to the actuator 204. The spool 20 of the cartridge valve 
assembly 10 may be continuously urged to the ?rst position 
by a force Fs applied in the direction I by the feedback spring 
70 received in the slug 64. 

FIG. 5 shoWs a ?oW diagram of the operation of the car 
tridge valve assembly 10. At block 220, a pilot signal (as 
denoted by reference number 208 in FIG. 4), for example, a 
?oW of ?uid, may be applied through the pilot port 46 to the 
pilot chamber 44 to apply a pressure P1 to the upper end 
surface 40 of the spool 20. The pressure P1 may apply a force 
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F1 to the upper end surface 40 to force the spool 20 downward 
in the direction H as shoWn in FIG. 2. 
As shoWn in FIG. 5, at block 222, after the spool 20 is 

moved doWnWard (as shoWn in FIG. 2), the ?rst section 32 of 
the spool 20 may block the ?rst set of ports 52, and the third 
set of ports 56 may be opened. The ?uid may ?oW from the 
pump 206 through the third set of ports 56 to the control 
chamber 50, and from the control chamber 50 through the 
second set of ports 54 to the actuator 204. When the third set 
of ports 56 are opened, the ?uid ?owing from the pump 206 to 
the control chamber 50 may cause the ?uid pressure in the 
control chamber 50 (denoted as P2 and also referred to as 
control pressure) to increase. 

The ?uid in the control chamber 50 may also ?oW through 
the passage 80 into the feedback chamber 68 to increase a 
feedback pressure P3 in the feedback chamber 68. The feed 
back pressure P3 in the feedback chamber 68 may act on the 
loWer end surface 48 of the second end section 34 of the spool 
20, and may apply a force F3 to the spool 20 in the direction 
I. The feedback spring 70 may also apply the force Fs to the 
spool 20 in the direction I. 
At block 224, since the control chamber 50 is ?uidly com 

municated With the feedback chamber 68 through the pas sage 
80, the pressure P2 in the control chamber 50 is substantial 
equal to the pressure P3 in the feedback chamber 68. When 
the pressure in the control chamber increases, the feedback 
pressure in the feedback chamber 68 also increases, such that 
the force F3 applied by the feedback pressure P3 to the spool 
20 in the direction 1 increases. At block 226, When the control 
pressure P3 in the feedback chamber 68 is higher than a 
predetermined pressure, the force F3 applied by the feedback 
pressure P3 together With the force Fs applied by the feedback 
spring 70 is greater than the force F1 applied by the pilot 
pressure P1, the force F3 plus the force Fs may force the spool 
20 to move upWard from the second position to the ?rst 
position. At block 228, When the spool 20 moves to the ?rst 
position, the ?rst set of ports 52 are open to the control 
chamber 50, alloWing the ?uid to ?oW from the actuator 204 
through the control chamber 50 to the tank 202, Which may 
cause the pressure in the control chamber 50 to decrease. At 
this situation, since the pressure in the control chamber is 
loWer than the pressure in the feedback chamber, the ?uid in 
the feedback chamber 68 may ?oW through the passage 80 
into the control chamber 50, such that the feedback pressure 
P3 in the feedback chamber 68 decreases, and the force F3 
applied by the feedback pressure P3 decreases. When the 
force F3 applied by the feedback pressure P3 together With 
the force Fs applied by the feedback spring 70 is loWer than 
the force F1 applied by the pilot pressure P1, the force F1 may 
force the spool 20 to move doWnWard from the ?rst position 
to the second position to close the ?rst set of ports 52 and open 
the third set of ports 56 to the control chamber 50. By doing 
so, the output pressure from the control chamber to the ?uid 
actuator 204 through the second set of ports 54 can be con 
trolled in a predetermined range. 

The pilot pressure P1 can be adjusted to control the output 
pressure P2. Because the area A1 of the upper end surface 40 
is greater than the area A2 of the loWer end surface 48, to 
overcome the force F1 to move the spool 20 from the second 
position to the ?rst position, the feedback pressure P3 may 
need to be much greater than the pilot pressure P1. The 
feedback chamber 68 is in ?uid communication With the 
control chamber 50 through the passage 80, and the pressure 
P3 is substantially equal to the control pressure P2 in the 
control chamber 50. Thus, through the cartridge valve assem 
bly 10, a relatively small pilot pressure P1 can be used as an 
input to generate a relatively large control pressure P2 as an 
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6 
output. The output control pressure P2 may be used to control 
the actuator 204, Which is in ?uid communication With the 
control chamber 50 through the second set of ports 54. In 
different embodiments, a desired ratio of the output control 
pressure P2 to the pilot pressure P1 can be achieved by adjust 
ing the ratio of the area A2 to the area A1. 

In one embodiment, the cartridge valve assembly 10 may 
be used as a ?uid or pressure regulator. In this embodiment, 
the pilot signal 208 may be selectively applied to the pilot 
chamber 44 to selectively control the ?uid ?oW in the hydrau 
lic system 200. In another embodiment, the cartridge valve 
assembly 10 may be used as a pressure relief valve. In this 
embodiment, the pilot signal 208 may be constantly applied 
to the control chamber 44. 
The advantages of the disclosed system may include that 

the disclosed system provides a valve assembly having a 
combination of a cartridge design and pressure ampli?cation. 
The cartridge design is compact in siZe and may ?t a Wide 
range of cartridge cavities. The pressure ampli?cation may be 
bene?cial in systems that require applying a small input pres 
sure to generate a large output pressure, for example, in brake 
systems. Furthermore, a Wide range of output control pres 
sure can be achieved by adjusting the input pilot pressure 
and/ or the ratio of the area A1 to the area A2. That may make 
the disclosed cartridge valve assembly capable to be used in 
various machine systems, for example, transmission systems 
and fuel systems. 

It Will be apparent to those skilled in the art that various 
modi?cations and variations can be made to the cartridge 
valve assembly. Other embodiments Will be apparent to those 
skilled in the art from consideration of the speci?cation and 
practice of the disclosed cartridge valve assembly. It is 
intended that the speci?cation and examples be considered as 
exemplary only, With a true scope being indicated by the 
folloWing claims and their equivalents. 

What is claimed is: 
1. A cartridge valve assembly comprising: 
a body having a pilot port, a ?rst port, a second port, and a 

third port ?uidly connected to a central bore; 
a spool positioned Within the central bore and being mov 

able betWeen at least a ?rst position and a second posi 
tion, the spool including: 
a ?rst chamber at a ?rst end surface of the spool in ?uid 

communication With the pilot port; 
a second chamber at a second end surface of the spool; 
a control chamber; and 
a slug bore extending from the second end surface of the 

spool to a bottom of the spool, the second chamber 
being formed Within the slug bore of the spool; 

Wherein the area of the ?rst end surface is greater than 
the area of the second end surface; 

a passage ?uidly communicating the control chamber With 
the second chamber; 

a slug member slidably received Within the slug bore of the 
spool, the slug member including a bore forming the 
second chamber With the second end surface; and 

a loWer stop member disposed betWeen the slug and the 
body, 

Wherein, in the second position, an upper portion of the 
loWer stop member is received in the slug bore of the 
spool; and 

Wherein, in the ?rst position, the ?rst port and the second 
port of the body ?uidly communicate With the control 
chamber, and, in the second position, the secondport and 
the third port ?uidly communicate With the control 
chamber. 
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2. The cartridge valve assembly of claim 1, further includ 
ing a housing forming a cavity, and including a ?rst port, a 
second port, and a third port ?uidly connected to the cavity, 
Wherein the ?rst port, the second port, and the third port of the 
body are respectively in ?uid communication With the ?rst 
port, the second port, and the third port of the housing. 

3. The cartridge valve assembly of claim 2, further includ 
ing sealing members adapted to be positioned betWeen an 
outer surface of the body and an inner surface of the cavity to 
separate the pilot port of the body, the ?rst port of the body, the 
second port of the body, and the third port of the body from 
each other. 

4. The cartridge valve assembly of claim 2, further com 
prising an adapter coupled to an end of the body, Wherein the 
adapter is adapted to sealingly engage the cavity of the hous 
ing to prevent ?uid from ?oWing out of the cavity of the 
housing. 

5. The cartridge valve assembly of claim 1, further includ 
ing a spring received in the bore of the slug member and 
coupled to the second end surface of the spool, and being 
adapted to urge the spool to move from the second position to 
the ?rst position. 

6. The cartridge valve assembly of claim 1, Wherein the 
spool includes a ?rst end section, a second end section and an 
intermediate section, Wherein the intermediate section has a 
smaller diameter than the ?rst end section and the second end 
section, the intermediate section and the central bore of the 
body forming the control chamber. 

7. A hydraulic actuation system comprising: 
a housing forming a cavity, and including a ?rst port, a 

second port, and a third port ?uidly connected to the 
cavity; 

a tank ?uidly connected to the ?rst port of the housing; 
an actuator ?uidly connected to the second port of the 

housing; 
a pump ?uidly connected to the third port of the housing; 
a body adapted to be inserted into the cavity of the housing, 

and including a central bore extending along a central 
axis, a pilot port, a ?rst port, a second port, and a third 
port ?uidly connected to the central bore, Wherein the 
?rst port, the second port, and the third port of the body 
are respectively in ?uid communication With the ?rst 
port, the second port, and the third port of the housing; 

a spool received in the central bore of the body and being 
movable betWeen a ?rst position and a second position, 
the spool forming a ?rst chamber Within the central bore 
at a ?rst end surface of the spool, a second chamber 
Within the central bore at a second end surface of the 
spool, and a control chamber Within the central bore, the 
area of the ?rst end surface being greater than the area of 
the second end surface, the pilot port being ?uidly con 
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8 
nected to the ?rst chamber, the second port being ?uidly 
connected to the control chamber, and the ?rst port and 
the third port being selectively controlled by the spool to 
open to the control chamber, the spool including a slug 
bore extending from the second end surface of the spool 
to a bottom of the spool, the second chamber being 
formed Within the slug bore of the spool; 

a passage ?uidly communicating the control chamber With 
the second chamber, 

a slug member slidably received Within the slug bore of the 
spool, the slug member including a bore forming the 
second chamber With the second end surface; and 

a loWer stop member disposed betWeen the slug and the 
body, 

Wherein, in the second position, an upper portion of the 
loWer stop member is received in the slug bore of the 
spool; and 

Wherein, in the ?rst position, the ?rst port and the second 
port of the body are in ?uid communication With the 
control chamber, alloWing ?uidto ?oW from the actuator 
to the tank, and, in the second position, the second port 
and the third port of the body are in ?uid communication 
With the control chamber, alloWing ?uid to ?oW from the 
pump to the actuator. 

8. The hydraulic actuation system of claim 7, further com 
prising a spring coupled to the spool and being adapted to 
urge the spool from the second position to the ?rst position. 

9. The hydraulic actuation system of claim 7, further com 
prising sealing members adapted to be positioned betWeen an 
outer surface of the body and an inner surface of the cavity to 
separate the pilot port of the body, the ?rst port of the body, the 
second port of the body, and the third port of the body from 
each other. 

10. The hydraulic actuation system of claim 7, further 
comprising a spring received in the bore of the slug member 
and coupled to the second end surface of the spool, and being 
adapted to urge the spool to move from the second position to 
the ?rst position. 

11. The hydraulic actuation system of claim 7, Wherein the 
spool includes a ?rst end section, a second end section and an 
intermediate section, Wherein the intermediate section has a 
smaller diameter than the ?rst end section and the second end 
section, the intermediate section and the central bore of the 
body forming the control chamber. 

12. The hydraulic actuation system of claim 7, further 
comprising an adapter coupled to an end of the body, Wherein 
the adapter is adapted to sealingly engage the cavity of the 
housing to prevent ?uid from ?oWing out of the cavity of the 
housing. 


